Introduction
In the past few years, Lewis acids, especially their strongest representatives, have been of great interest and have found applications in catalysis, ionization, rearrangement reactions and bond heterolysis reactions. [1] [2] [3] [4] [5] [6] Naturally, tabulating the strengths of Lewis acids is very important and useful for estimating the potency of a given Lewis acid. But in contrast to the strength of Brønsted acids, which are typically measured experimentally and ranked within one homogeneous medium on the basis of the well-known pH and pK a scales that can be set as absolute by using the correct reference state and anchor points, the strength of Lewis acids depends on the formation of a Lewis acid-base pair. [7] [8] [9] In this respect Brønsted acidity is a special case of Lewis acidity, in which only one type of Lewis acid (the proton) interacts with a large variety of Lewis bases free of choice. Thus, it is only possible to determine the absolute strength of a Lewis acid with respect to a well-defined Lewis base. Towards this aim, in 1984 the fluoride ion affinity (FIA) was introduced by Bartlett et al. to classify the strength of the Lewis acid A by the enthalpy that is released by binding a fluoride ion. 10 This concept was continued by many others. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] To avoid the problems that appear in the calculation of a "naked fluoride ion", this approach was improved by using the experimental FIA of OCF 2 of 209 kJ mol −1 as an anchor point in a ( pseudo-)isodesmic reaction (eqn (1)).
ð1Þ
Using this method the strengths of many Lewis acids were classified. 22 However, the fluoride ion is a hard base in the HSAB sense, 23 so the FIA may be deceptive for HSAB soft Lewis acids.
Thus, it is advisable to compare methods with different approaches to find a convenient Lewis acid. Therefore, analogous to the FIA, the affinities to ions of varying hardness (i.e., Cl ) were used to rate the strengths of Lewis acids. 17, 24, 25 Unfortunately, there is no consistent reference system which would allow comparing trends between the different methods and lead to a broadly applicable Lewis acid scale. However, not only Lewis acids are in the focus of current interest, but also weakly coordinating anions (WCAs) have become an indispensable tool in chemistry and have found versatile applications. Boron [26] [27] [28] [29] 42 [tBu 3 Si-GaSitBu 3 ] + , 43 triarylsilylium or germylium ions, 44 protonated benzene, 45 and the 2-norbornyl cation. 46 Weakly bound complexes like those of ethene with copper, 48 silver 49 or gold are other examples. 50 Ion-like silylium ions coordinated to the carborates 41 or the recent Me 3 Si-F-Al(OC ((CF 3 ) 3 ) 3 present strong Lewis acids. 47 Further WCA applications are catalytic C-F activation, 51 ionic liquids [52] [53] [54] [55] [56] [57] [58] and electrochemistry. [59] [60] [61] [62] [63] [64] [65] [66] [67] Clearly
atom of valency n − 1; L = univalent residue) is related to the strength of the underlying Lewis acid M(L) n−1 . In earlier work, we judged the relative stabilities of WCAs based on calculations for a representative set of WCAs and their parent Lewis acids. 18 They were assessed by the ligand affinity (LA), the decomposition in the presence of a hard ( proton decomposition, PD) and a soft electrophile (copper decomposition, CuD), the position of the HOMO, the HOMO-LUMO gap as well as the FIA of the Lewis acid parent to the WCA (eqn (2)-(4)).
MðLÞ
With the current contribution, we augmented the known scale 18 for the most common Lewis acids (A) with respect to their CIA (chloride ion affinity), HIA (hydride ion affinity) and MIA (methyl ion affinity) in addition to the FIA. For all XIAs (X = F, C, H, Me), we chose a unified reference system. It is based on the trimethylsilyl compounds Me 3 SiY (Y = F, Cl, H, Me) and their respective ions calculated at the G3 level as the anchor point. Thus, the relative values of the Lewis acidity towards different bases (Y − ) are comparable based on unified reference reactions that were obtained at a highly correlated level, while the residual calculations of the in part very large molecules were assessed based on subsequent isodesmic reactions calculated at a much less expensive level ((RI-)BP86/SV(P)), eqn (5)).
ð5Þ
To further validate the data, we performed systematic calculations of the smaller reference systems at the frozen core CCSD(T) level with correlation effects extrapolated to a full quadruple-ζ basis. [68] [69] [70] [71] The error bar of this methodology was reported to be below 1 kJ mol −1 , 69 and thus serves as a validation of the simpler isodesmic procedure according to eqn (5) that, for size reasons, had to be applied for larger Lewis acids. Furthermore, we expanded the known WCA stability scale with the PD and CuD of a series of hitherto not explored WCAs [M(L) n ] − . All calculations were done in the gas phase.
Results and discussion
The background of these investigations has been experiments to activate hydrogen with the Lewis acid tris(2H-hexafluoroisopropoxy)borane (B(Ohfip) 3 1), which has found applications in electrochemistry. 72 We investigated the possibility of obtaining Table 1 ).
In agreement with our futile experimental efforts, Table 1 shows that FLP chemistry based on 1 is considerably less favored than that with B(C 6 F 5 ) 3 . Furthermore, these investigations suggested that polar solvents promote H 2 activation and therefore acetonitrile was inter alia selected as a solvent. However, we have to point out that even the very weak adduct formation in 1·MeCN might shut down FLP chemistry. To cope with this concern, we have done several test reactions also in chlorinated solvents like CH 2 Cl 2 and did not observe any desired chemistry with H 2 but noted that the liquid B(Ohfip) 3 forms two immiscible phases in CH 2 Cl 2 . Thus, the investigations were discarded and we concentrated on MeCN, despite its problems. To obtain an experimental confirmation of the relative HIA of the two boron Lewis acids B(Ohfip) 3 and B(C 6 F 5 ) 3 spectra of the solution revealed that B(Ohfip) 3 − 127 Hz at δ = 7.7 ppm). To eliminate the possibility that the reaction occurs very slowly, in a second approach, 1 was stirred with PPh 3 over twenty days and exposed to H 2 at 1 bar, but without any noticeable reaction. Of all the tested bases collected in Table 1 , 1 only forms an adduct visible in the NMR with NEt 3 . However, this adduct only exists in equilibrium. Also testing the ability to activate hydrogen failed in all instances. No adduct formation and no hydrogen cleavage were detected by the combination of 1 and NHPh 2 or 2,6-lutidin, which are able to activate hydrogen in combination with B(C 6 F 5 ) 3 . 84 Since it appeared that the reactivity of 1 is not sufficient to activate H 2 with typical Lewis bases like phosphanes and amines, we used the strongly basic NHCs 1,3-dimethyl-4,5-diphenyl-imidazol-2- Fig. 2 ; NHC = 1,3-dimethyl-4,5-diphenyl imidazole-2-ylidene, IDipp = 1,3-bis(2,6-diisopropylphenyl)imidazole-2-ylidene 
Quantum chemical investigations
Ion affinities of Lewis acids A. Earlier and the following calculations to determine ion affinities were based on isodesmic reactions (eqn (1) and (5) 91 with the corresponding RI-C auxiliary bases for all atoms. 92 Based on these structures, gas phase reaction energies were calculated according to eqn (6) with single point calculations at the CCSD(T)(FC)/double-ζ level plus an MP2 extrapolation of the correlation energy from double-ζ to quadruple-ζ basis sets with Gaussian 09 (ESI, S- Table 1 †) .
This approach was published earlier by Klopper et al. 68, 69 and has successfully been used by our group to study protonation equilibria.
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The CIA and FIA values in Table 3 high. In order to get better values we also calculated the HIA values with BP86/SVP with a polarization function at the hydrogen, but those values were even inferior to those calculated with BP86/SV(P). Also orienting BP86/TZVP calculations were inferior to the simple BP86/SV(P) method. Thus, for simplicity and to be applicable for a larger set of compounds, we used the BP86/SV(P) method. Since the discrepancy in the HIA values from the absolute values is always in one direction, the relative HIA values at the simpler BP86/SV(P) level are still suitable for discussion. Ion affinity scale. With this cadre of verified data, we calculated the FIA, CIA, HIA and MIA for a large set of 33 Lewis acids A through a set of isodesmic reactions as given in eqn (5) and with respect to the ion affinities of Me 3 Si-Y (Y = F, Cl, H, Me) at the G3 level ( Table 5) .
The HIA and MIA values of main group III halides (Table 4 ) follow similar trends and rise for the heavier halogen atoms. If we take a look at the affinity values of AlF 3 and GaF 3 there is not such a large difference compared to AlF 3 and BF 3 , since aluminum and gallium have nearly the same size and aluminum is just a little bit more electropositive than gallium. However, they differ in their affinity values towards soft or hard Lewis bases. AlF 3 favors the hard fluoride ion, while GaF 3 a The anion containing a B-Y-B bridge is thermodynamically favored. b The most stable isomer was used. c The experimental crystal structure was used as the start geometry. 94 Unstable compounds and the values of unstable compounds are given in italics.
demand of the C 2 F 5 groups in the acid-base complexes. The HIA of PF 2 (C 2 F 5 ) 3 is a bit higher, since H − is small and the steric effect of the C 2 F 5 groups is overcompensated by its electron withdrawing effect. Relationship between ion affinity values and the LUMO level. To gain a deeper insight into the relationship between the ion affinity values and the LUMO levels of the Lewis acids in Table 4 , we plotted the values and added a regression line in each case (see Fig. 3 ).
By trend, the gradient shows that a low LUMO level is accompanied by a high ion affinity value. However, a low LUMO level is not automatically connected with a high ion affinity value. On the other hand, the interaction of the hard fluoride and chloride ions has a high ionic contribution and thus it is less connected to the LUMO energies. At first sight, the FIA would be expected to have an even lower R 2 value than the CIA, because the fluoride ion is harder than the chloride ion. However, the chemistry of fluoride is sometimes exceptional:
since the fluoride atom is smaller than the chloride, it is possible that the overlapping of the involved orbitals is improved and steric effects are less developed. Therefore, it obtains a more covalent character and fits the trend slightly better than chloride. Stability of WCAs based on FIA, PD, CuD, and HOMO levels and the HOMO-LUMO gap. If the above mentioned Lewis acids are expanded by an L − ligand, the related WCAs are obtained. We determined the stability towards decomposition, oxidation and reduction for most of the WCAs that relate to the Lewis acids in Table 4 . The higher the FIA of the acid, the more stable is the WCA towards ligand abstraction. To rate the stability of a WCA towards attack of a hard (H + ) and a soft electrophile (Cu + ) the isodesmic decomposition reactions (eqn (2) and (3)) were calculated to obtain the proton decomposition (PD) and the copper decomposition (CuD). Herein we show, instead of the previously used Δ r U values, the Δ r G°values of the PD and CuD; hence they are closer to laboratory conditions. The entropy S of the H + and Cu + cations was calculated using the Sackur-Tetrode equation. [97] [98] [99] Since a gaseous anion and a gaseous cation react to give two neutral species, the PD and CuD are both exothermic. The less negative the PD and CuD values are, the more stable is the WCA against electrophilic attack. 18 The lower the HOMO energy, the more resistant is an anion towards oxidation and hence the electron is harder to remove. The HOMO-LUMO gap is related to its resistance towards reduction. The larger the gap, the more stable is the WCA towards gaining an electron. The data in Table 5 cannot be taken as absolute, but since the same calculation methods were used, relative trends will definitely be correct. 102 Typically, the fluorination of ligands increases the stability values of borate based anions. 18 Apart from that, the stability values of all the WCAs including M-C bonds are quite similar.
Conclusions
Attempts to use the conveniently available B(Ohfip) 3 as a Lewis acid component in FLP chemistry systems failed in our hands for a wide range of neutral Lewis bases and with all the used reaction conditions. However, it may well be possible using the right bases (e.g. bulky NHCs), solvents other than MeCN and using HD to study the exchange reactions. the consistent ion affinity scale may be extended by performing only five low level calculations and using the herein established reference system. In addition, we evaluated the stability of WCAs that are based on the herein investigated Lewis acids, by calculating their LUMO energies, HOMO-LUMO gap, proton decomposition (PD) and the copper decomposition reaction (CuD). Overall, the reference data collected in this work will be of great help to rationalize experimental findings in all areas of chemistry exploiting Lewis acidity towards hard or soft bases or the selection of a suitable WCA counterion for a given process.
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